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PROCEDURE FOR MEASURING BIODEGRADABILITY OF A SAMPLE 



5 The present invention concerns a procedure for measur- 

ing biodegradability of a sample, the sample being placed in a 
culture solution, the solution being aerated, the quantity of 
carbon dioxide liberated from the solution being measured, and 
biodegradability being determined on the basis of the carbon di- 

10 oxide quantity that was liberated. 

With continuously increasing use of plastics, their 
disposal has become a serious problem. The rate and degree of 
biodegradation determine how fast, and to what degree, the mate- 
rials are degraded in a microbiological environment consistent 

15 with the testing method. The results obtained by the testing 

method which is used help in assessing the grade of biodegrada- 
tion and the time in which the plastics are potentially degraded 
under aerobic conditions, e.g. in effluent purifying plants. 

As a rule, in biodegradability measuring methods the 

20 quantity of carbon dioxide generated from the sample in biologi- 

cal degradation is determined, as a function of time, and finally 
the quantity of organic carbon dissolved in the nutrient solu- 
tion, and the grade and rate of biodegradation of the polymer can 
be determined on their basis. 

25 In the Sturm test, known as a standard procedure, the 

sample is placed in a culture solution, e.g. in a test jar, and 
air is conducted into the jar through a pipeline system. Prior to 
conducting the air into the test jar containing culture solution, 
the carbon dioxide present in the air is removed, e.g. by absorb- 

30 ing it in sodium hydroxide solution. Thereby the carbon dioxide 

which is formed in the culture solution and which can be measured 
by the procedure is mainly derived from biological degradation of 
the sample. In the system, a plurality of culture solution jars 
can be used in parallel. From each culture solution jar, the COj 

35 that has formed is conducted into alkali solutions. There are 

three consecutive alkali solutions in the standard. When the car- 
bon dioxide comes into contact with barium hydroxide, barium car- 
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bonate is formed In accordance with formula (I): 

Ba(0H)2 + CO2 - BaCOj + HjO (I) 

5 The quantity of carbonate produced, and thus the quantity of car- 

bon dioxide produced in the bioreactor, is determined from the 
barium hydroxide solution by titration, as a function of time. 

The Sturm test is encumbered by several problems. The 
continuous aeration through several solutions and employing long 

10 pipelines may give rise to leakage flows; this will in turn cause 

inaccuracy of the results of measurement. Furthermore, a conse- 
quence of continuous aeration is generation of over-pressure 
within the system, and on termination of aeration reflux tends to 
set in, and the culture solution may enter the pipeline systems 

15 as well as other flasks. This may totally inhibit the test. The 

titrations comprised in the Sturm test take a lot of time, and 
the test is time-consuming. 

The object of the invention is to eliminate the draw- 
backs mentioned. 

20 The specific object of the invention is to disclose a 

novel procedure for measuring biodegradability of samples which 
can be implemented more rapidly, with greater posit ivity and with 
less effort than before. 

It is a specific object to develop the procedure so 
25 that the quantity of carbon dioxide formed in the test can be 

measured more rapidly, preferably without employing time-consum- 
ing titration methods. 

It is a further object to develop the procedure so 
that the result of measurement, i.e., the biodegradability of the 
30 sample, can be determined automatically, as rapidly as possible 

and reproduclbly. 

The invention is characterized by that which is stated 
in the claims. 

The procedure of the invention is based on continuous 
35 aeration of the culture solution in the bioreactor. The carbon 

dioxide present in the input air is removed. The carbon dioxide 
produced in microbial activity is recovered by conducting the gas 
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coming from the bioreactor into a jar containing non-precipitat- 
ing alkali solution. For alkali solution, any non-precipitating 
alkali solution can be used at suitable concentrations, e.g. 
NaOH, KOH, etc. The carbon dioxide that was produced will react 
5 with the alkali solution, producing carbonate and water in ac- 

cordance with reaction (II), where KOH is stipulated as alkali 
solution: 

CO2 + 2K0H - K2CO3 + HjO (II) 

10 

As a result of the reaction the electrical conductivi- 
ty of the solution decreases. The decrease of electrical conduc- 
tivity is observed with the aid of a sensor placed in the KOH 
jar, for instance, and the quantity of carbon dioxide contained 

15 in the gas conducted into the KOH solution is determined from the 

measurement readings, as a function of time. - If desired, the 
quantity of carbon dioxide conducted into the KOH solution may 
also be determined chemically, e.g. by titration, e.g. using HCl 
solution, with phenolphthaleln for indicator, in accordance with 

20 the reaction (III) : 

K2CO3 + HCl - KHCO3 + KCl (III) 

The quantity of carbon dioxide which has come into the 
25 KOH solution can be calculated by formula (IV): 

"0)2 = * Cflci * (VKOH/Vsa,pie) * %. dV) 



where 

30 AVjjjj = Volume of HCl consumed compared with the initial 

situation (in ml) , 

CjQ = Molality of HCl used in titration (in mmol/ml), 

VjjQj = Volume of potassium hydroxide solution (in ml), 

^sample " Volume of KOH sample used in titration (in ml), 

35 Mqj2 ' = Molar weight of carbon dioxide, 44 mg/mol. 



As taught by the invention, the quantity of carbon 
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dioxide bound In the alkali solution is determined from the elec- 
trical conductivity of the solution. For alkali solution, any 
non-precipitating alkali solution can be used, e.g. alkali hy- 
droxides (NaOH, KOH, LiOH) or ammonium hydroxide. Measurement of 
5 electrical conductivity can be implemented in a way known in it- 

self in the art, using for sensors any appropriate sensors, ad- 
vantageously platinum electrodes. The use of electrodes is par- 
ticularly advantageous in that measurement is rapid and accurate, 
and the results of measurement are obtained in the form of elec- 

10 trical signals. Further processing of the signals can be imple- 

mented in the way known in itself from electrotechnics, and the 
signals can after conversion to desired form be transferred di- 
rectly to a calculating device, e.g. a micro-computer, by means 
of which the total quantity or the rate of production of the 

15 formed carbon dioxide can automatically de determined as a func- 

tion of time. 

The procedure of the invention facilitates determina- 
tions of biodegradability, because no titration is required in 
the new procedure. 

20 Thanks to the invention, large numbers of samples can 

be simultaneously examined; the procedure reduces the determina- 
tion costs. 

The invention is in the following described in detail, 
referring to the attached drawings, wherein 
25 Fig. 1 presents an apparatus for implementing an embodiment of 

the procedure of the invention; 

Fig. 2 illustrates the calibration curve of the electrical con- 
ductivity sensors, created with the apparatus of Fig* 1; 
Fig. 3 displays carbon dioxide contents of samples subjected to 
30 determination by the procedure of the invention, determined by 

different methods; 

Fig. 4 displays the effect of active carbon filtration of the 
formed on biodegradability results; 

Fig. 5 presents, as a function of time, the quantity (in mg) of 
35 carbon dioxide formed in the procedure of the invention in a bio- 

degradability test of B-hydroxybutyrate/valerate; 
Fig. 6 presents the means obtained in parallel tests for the car- 
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bon dioxide quantity formed in the procedure of the invention in 
a biodegradability test of B-hydroxybutyrate/valerate; 
Fig. 7 presents, as a function of time, the quantity of carbon 
dioxide formed in the procedure of the invention in a biodegrada- 
5 bility test of B-hydroxybutyrate/valerate (the so-called null 

sample subtracted); and 

Fig. 8 presents the biodegradability determined from the samples 
by the procedure of the invention, as a function of time. 

Fig. 1 shows, schematically, an apparatus for imple- 

10 menting the procedure of the invention. A pump 1 has been dis- 

posed to pump air, for use in aeration, through containers 2 con- 
taining silicagel and into absorption tubes 3, where the carbon 
dioxide present in the air used for aeration is removed by the 
aid of absorption. The absorption tubes 3 may contain e.g. any 

15 carbon dioxide-eliminating substance whatsoever, such as a hy- 

droxide, e-g. sodium hydroxide granules. After the four absorp- 
tion tubes placed (two and two) in series and in parallel, the 
aerating gas is conducted through consecutive jars 4 containing 
e.g. 0.1 M barium hydroxide and to the measuring units proper, 5. 

20 This makes sure of the removal and indicates it, and it humid- 

ifies the aeration air. In Fig. 1 only two measuring units 5, of 
altogether eight, have been depicted. 

The measuring unit 5 comprises a bioreactor 6» in 
which the sample to be examined is placed. In the bioreactor cul- 

25 ture solution has been placed, capacity of the bioreactor e.g. 

2000 ml, quantity of culture solution e.g. 1000 ml. The gas form- 
ing in the bioreactor is conducted into a measuring jar 6 con- 
taining 0.1 M KOH solution, and in which has been placed a meas- 
uring sensor, that is an electrode 7 for determining the carbon 

30 dioxide bound in the KOH solution, on the basis of the KOH solu- 

tion's electrical conductivity. The gas is conducted from the 
measuring unit 6 to another jar 9 containing KOH solution, to 
make sure of the CO2 recovery. Each one of the jars 6 and 9 con- 
tains 300 ml of 0.1 M KOH solution. This solution quantity, and 

35 concentration, is sufficient to bind 660 mg of carbon dioxide. 

The electrode placed in the measuring jar 6 is con- 
nected to a switch array 10 and, further, to a data gathering 
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device 11 for processing and measuring the voltage signals. Fur- 
thermore, the signals obtained from the switch array 10 and from 
the data gathering device 11 are carried to a dedicated computer 
12, for processing the results and calculating the final results. 
5 The bioreactor 6 is advantageously fitted with a check 

valve 13, which prevents the culture solution from entering the 
pipeline system 20 by effect e.g. of pressure fluctuations or 
other causes. 

10 Example 1: Calibrating the sensors 

Calibration of the sensors is performed e.g. by the 
method described by Chapman (1971), according to which calibra- 
tion solutions were prepared by mixing KOH and K^COj solutions in 
various proportions. 0.1 M KOH and 0.05 M K2COJ solutions are 

15 mixed so that the degree of saturation of the completed solutions 

with regard to potassium carbonate varies in the range from 0 to 
100%; the volume of the solutions was 300 ml. 

The sensors were placed in the calibration solutions 
and the voltage number reflecting the electrical conductivity of 

20 the solutions was measured. Measurement was automatically accom- 

plished at 10-minute intervals during 24 hours, in which time the 
sensors settled at a constant value. Upon stabilization, the mean 
was calculated of the last ten results of measurement, which was 
taken to be the calibration value of the sensor at the respective 

25 degree of saturation of the calibration solution. The calibration 

solutions were swapped from sensor to sensor, the sensors were 
allowed to stabilize, and voltage readings were recorded. This 
was repeated until calibration values had been obtained with all 
calibration solutions for all sensors. Fig. 2 shows the results 

30 of measurement of the calibration graphs found in this way. 

The electrical conductivity of a solution is known to 
depend on the temperature of the solution. For finding out the 
influence of temperature, the voltage reading reflecting the 
electrical conductivity of two different calibration solutions 

35 (degree of saturation 0% and 50%, respectively) was measured as a 

function of temperature. According to the results, the voltage 
readings were found to decrease only 0.00487 V (0% sat.) and 
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0.00714 V (50% sat.) per 1' increment of temperature. In the ex- 
perimental conditions the temperature of the KOH solutions has 
been found to fluctuate less than 0.1"C, and the effect of tem- 
perature on the voltage readings could therefore be neglected. 

5 

Example 2: Carbon dioxide measurements 

Recovery of carbon dioxide and operation of the elec- 
trical conductivity sensors were tested using a set-up as shown 
in Fig. 1. Carbon dioxide was produced from sodium carbonate, A 

10 known quantity of Na2C02 was added into bioreactor flasks contain- 

ing 1 litre of ultra-pure water. 2.0 M HCl was added into the 
flasks, to liberate the carbon dioxide from the carbonate. The 
released CO2 was conducted along with aeration air into flasks 
containing 0.1 M KOH. From the flasks the quantity of recovered 

15 CO2 was determined on the basis of change of electrical conductiv- 

ity, and by titration. The results of the test are presented in 
Fig, 3, displaying graphically the carbon dioxide determinations 
based on electrical conductivity, on titration and on theoretical 
values . 

20 The results reveal that recovery of the generated car- 

bon dioxide is efficient. It is also noted that the results ob- 
tained by different methods are very closely equal, from which 
the inference can be drawn that the procedure based on change of 
electrical conductivity works well indeed. 

25 

Example 3: Washing the COj gas 

In degradation tests, with glucose as carbon source 
and Escherichia coli as degrading organism, other metabolic pro- 
ducts were also found to be formed, in addition to carbon diox- 

30 Ide, which increased the voltage reading when entrained in the 

alkali solution. The alkali solutions were analysed by mass spec- 
trometer, and about twenty different organic compounds were 
found, part of them polar ones, which were considered to affect 
the electrical conductivity of the solution. With a view to elim- 

35 inating these compounds, various ways of washing the gas coming 

from the bioreactor were tried out. Washing of the gas was tried 
with various washing fluids, yet removal of the volatile organic 
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compounds affecting electrical conductivity which are contained 
in the gas from the bioreactor proved to be inadequate in effi- 
ciency. Therefore, purification of the gas by filtration through 
active carbon was tested. The test arrangement was consistent 
5 with Fig. 1 in principle. The measuring jars 4. 6 and 8 comprised 

active carbon filtration. 

The results of this test are shown in Fig. 4. This 
figure reveals that in the case of measuring jar 4 all the carbon 
dioxide came through in active carbon filtration, and the titra- 

10 tion and electrical conductivity results are both equal in mag- 

nitude. The active carbon filtration is seen to have worked well 
in measuring jars 5 to 8, the electrical conductivity results 
declining to the level of the results obtained by titration. 

Filtration of the gas from the bioreactors with active 

15 carbon for elimination of volatile organic compounds proved to be 

a well-functioning procedure. 

Example 4: Biodegradability experiment with polymers 

As an example of biodegradability tests with real 

20 polymers, there shall be presented the degradation, in the proce- 

dure of the invention, of poly-B-hydroxybutyrate/valerate 
(PHB/V). Biodegradatlon of 100, 200 and 300 mg of PHB/V was stud- 
ied in the experiment . 

Figs 5 to 8 present, step by step, the test carried 

25 out with apparatus based on measurement of electrical conductivi- 

ty. In Fig. 5 is seen, as a function of time, the quantity of 
carbon dioxide formed in eight bioreactors. Left on top is the 
so-called null sample (microbe inoculation only; no polymer sam- 
ple). Left on the bottom, the sample consists of 100 mg, right on 

30 top of 200 mg, and right on the bottom of 300 mg PHB/V per litre. 

In Fig. 6 are seen the means of the replicate results 
in Fig. 5. These means are further used to calculate the biode- 
gradability. 

Next, the carbon dioxide yielded by the null sample 
35 jars is subtracted from the carbon dioxides of the measuring jars 

which contained sample material . The results are displayed in 
Fig. 7. Left on top refers to a sample of ICQ mg, left on the 
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bottom to 200 mg, and right on top to 300 mg PHB/V per litre. 

When the carbon quantities present in the samples have 
been input in the program software of the computer, the program 
will compute the blodegradability of the sample as a function of 
5 time. Blodegradability is the proportional fraction of carbon 

dioxide formed from the sample, related to the theoretical carbon 
dioxide formation calculated on the basis of the quantity of or- 
ganic carbon present in the sample. Fig. 8 shows, as a function 
of time, the blodegradability of the samples in the present test. 

10 Left on top refers to a sample of 100 mg, left on the bottom to 

one of 200 mg, and right on top, to 300 mg PHB/V per litre. 

From the results obtained by titration one may calcu- 
late, by way of example, the results relating to the sample which 
contained 100 mg PHB/V. 

15 1 ml samples drawn from the alkali measuring jar con- 

sumed in one of two parallel flasks 5.2 ml less, and in the other 
5.0 ml less 0.003 M HCl than what pure KOH solution consumed at 
the start of the test. This yields for the carbon dioxide quanti- 
ty contained In the KOH measuring jars, by the formula above pre- 

20 sented: 

5.2 ml * 0.003 mmoKml * (300 ml/1 ml) * 44 mg/mmol = 205,9 mg, 
respectively, 198 mg. 
The mean is 201.95 mg. 

25 

Subtracting from this mean the mean, 49.4 mg, of the 
carbon dioxides in the null sample measuring jars we find for the 
carbon dioxide quantity generated from the samples: 152.55 mg. 
Knowing that 100 mg of PHB/V contains 57.9 mg carbon, we find for 
30 the theoretically formed carbon dioxide quantity: 212.3 mg. The 

blodegradability is thus found to be; 

Blodegradability = 

(152.55 mg/212.3 mg) * 100% = 71.8% 

35 

The blodegradability was calculated in like manner for the other 
samples as well. The blodegradability of all samples, calculated 
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from the results of titration and as results obtained with the 
electrical conductivity apparatus, is presented below. 

Sample BD percentage BD percentage 

Titration El. conductivity 

100 mg PHB/V 71.8 68.6 

200 mg PHB/V 77.4 81.6 

300 mg PHB/V 66.8 70.3 



The embodiment examples are meant to illustrate the invention, 
without in any way confining it. 
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CLAIMS 

1. A procedure for measuring the biodegradabllity of 
a sample, the sample being placed in culture solution, the solu- 
tion being aerated, the quantity of carbon dioxide liberated from 

5 the solution being determined, and the biodegradabllity being de- 

termined on the basis of the liberated carbon dioxide quantity, 
characterized in that the carbon dioxide which has been formed is 
conducted into a non-precipitating alkali solution, the electri- 
cal conductivity of this solution is measured, and the quantity 
10 of carbon dioxide absorbed in the solution is determined on the 

basis of electrical conductivity. 

2. Procedure according to claim 1, characterized in 
that in the procedure the quantity of liberated carbon dioxide is 
determined as a function of time. 

15 3. Procedure according to claim 1 or 2, characterized 

in that the changes in electrical conductivity are measured as a 
function of time, the results of measurement are stored in a com- 
puter, and the biodegradabllity of the sample is automatically 
determined with the aid of an EDP programme. 

20 4. Procedure according to any one of claims 1-3, 

characterized in that the carbon dioxide formed in the culture 
solution is filtered through a suitable filter in order to remove 
any interfering substances which have been formed. 

5. Procedure according to any one of claims 1-4, 
25 characterized in that the carbon dioxide is filtered through ac- 
tive carbon. 

6. A procedure for measuring the biodegradabllity of 
a sample, the sample being placed in a culture solution, the sol- 
ution being aerated, the quantity of carbon dioxide liberated 

30 from the solution being determined, and the biodegradabllity 

being determined on the basis of the liberated carbon dioxide 
quantity, characterized in that the carbon dioxide which has been 
formed is conducted into a non-precipitating alkali solution, the 
changes in electrical conductivity of this solution are automati- 

35 cally measured, the results of measurement are stored in a com- 

puter, and the biodegradabllity of the sample is automatically 
determined with the computer with the aid of an EDP programme. 
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